Retirement Study [14] and the European Social Survey [15] . Item reduction has yielded some inconsistency regarding the factor structure of the shorter forms of the CES-D in older cohorts, with two-and three-factor structures reported, mainly in Asian populations [16, 17] . Despite this, Positive Affect as measured by the CES-D, has been inversely correlated with Negative Affect, activities and instrumental activities of daily living (I/ADL), and poor psychological health in older adults [18] [19] [20] .
Our aim was to investigate the structure of the long (20-item) and short (10-and 8-item) forms of the CES-D in a large, representative, community-living sample of adults aged 50 years and over, and in the subset aged 65 years and over. Upon identifying satisfactory measurement models, our objective was to validate these latent factors using measures of physical disability and perceived stress.
Methods

Study design
At baseline, The Irish Longitudinal Study on Ageing (TILDA) included 8175 participants representative of the communityliving population aged 50 and over in Ireland. The sampling procedure and the home interview have been described in detail previously [21] . Measures specific to the current analysis are described below.
Measurements
The items and scoring of the CES-D are provided in Appendix 1 [4, 12, 15] . Participants completed the CES-D once and responded to the 20 items by indicating how often they had felt that way in the past week: 0 = rarely or none of the time ( 1 day), 1 = some or a little of the time (1-2 days), 2 = a moderate amount of the time (3-4 days), and 3 = most of the time (5-7 days).
A binary-response version of the CES-D8 was generated by converting the participant responses ''rarely or none of the time'' and ''some or a little of the time'' equal to ''No'' and ''a moderate amount of the time'' and ''most of the time'' equal to ''Yes'' [12, 14] . The Positive Affect items were reverse scored for all versions of the CES-D.
A 6-item version of the ADL scale was used to assess one's ability to perform daily self-care activities (walking, dressing, bathing, eating, getting in and out of bed and using the toilet), and is a measure of functional status and/or disability. Scores were dichotomized to represent presence/absence of any ADL disability.
A 6-item version of the IADL scale measured an individual's ability to live independently in the community. IADLs assess respondents' ability to perform certain activities, i.e. manage money, shop, use the telephone, housekeep, prepare meals and take medications correctly. Scores were dichotomized to represent presence/absence of any ADL disability.
Participants completed the Perceived Stress Scale (PSS-4) by indicating how often they had experienced four situations in the last month: ''felt that you were unable to control the important things in your life'', ''felt confident about your ability to handle your personal problems'', ''felt that things were going your way'' and ''felt difficulties were piling up so high that you could not overcome them'' [22] . Responses ranged from: 1 = never, through 5 = very often. The two positively stated items were reverse scored. Higher scores signify greater levels of perceived stress (range 0-16).
Analysis
All analyses were performed using Mplus (v6). We used CFA to test the factor structures of the long and short forms of the CES-D.
As the items are ordinal (or binary), we used the weighted least square means and variance adjusted (WLSMV) estimator to estimate model parameters.
Radloff's original four-factor structure was tested for the 20-and 10-item CES-D formats. A three-factor structure (Depressed Affect, Positive Affect, and Somatic and Retarded Activity) was tested for the 8-item formats, because the two Interpersonal Problems items are not present in these formats. We estimated the reliability of all formats using Cronbach's alpha (a) coefficient. Overall model fit was assessed by adjusted Chi-square test, where a non-significant value was indicative of good fit. We also considered approximate fit indices: root mean square error of approximation (RMSEA) values of < 0.08 and < 0.05 indicated satisfactory and close model fit, respectively and weighted root mean square residual (WRMR), where %1.0 indicates satisfactory fit [23] .
Changes to the model were guided by the modification indices, the expected parameter changes (EPC) and substantive interpretation of the misspecification. The modification index provides an estimate of the expected change in the adjusted Chi-square value if the parameter were estimated and the EPC provides an estimate of the size of the parameter were it estimated. Due to multiple testing, we only consider the modification index to be significant after a Boferroni correction, in conjunction with an EPC greater than a small effect size and substantive interpretability [24] . If model changes were required, the new model (alternative) was compared to the previous model (null) using the DIFTEST procedure. This tests the difference in the overall model fit between the null and alternative models [25] .
Using structural equation modelling, the CFA model was extended, allowing a simultaneous investigation of the effects of IADLs, ADLs and Perceived Stress on the latent factors of depression while controlling for age and sex. Regression coefficients for each model were examined to investigate whether the different forms of the CES-D had an effect on the results and conclusions.
Analyses were performed for the total cohort aged 50+ years and for a subset aged 65+ years.
Results
Characteristics of the sample
Of the 8175 participants aged ! 50 years recruited to TILDA, 8044 (98.4%) had no missing data on the 20-item CES-D 20. A selfadministered questionnaire was completed by 6800 of these participants and included the PSS-4 and of these, 6542 participants had complete data for the PSS-4, ADLs and IADLs. This comprised the full dataset. Appendix 2 provides an overview of the participant characteristics.
Factor structure of the four CES-D scale formats in the 50+ age group
Data was imputed for an additional 95 participants with one missing item from the CES-D using Mplus, bringing the sample size to 6637.
Overall reliability estimates were 0.87, 0.78 and 0.72 for the 20-, 10-and 8-item formats, respectively. The latent factors also displayed good reliability with the exception of the Interpersonal Problems factor from the 20-item format (Table 1) .
Initially, the four-factor structure had unsatisfactory fit for the long form. However, with the inclusion of four residual covariances, the model had satisfactory fit ( 
Validity of the latent factors of depression from four CES-D scale formats in the 50+ age group
Measurement models were extended to include IADLs, ADLs and Perceived Stress as exogenous variables (Table 1) . These variables were regressed on the latent factors for each of the four models. Overall, we found that the effects of disability and perceived stress on Depressed Affect, Somatic Affect, Interpersonal (20-and 10-item formats) and Positive Affect were very similar regardless of the number of items used to represent the factor. We found that participants with greater stress or disabilities in ADLs or ADLs reported higher Depressed Affect and Somatic Affect, but lower Positive Affect. The gender coefficients were somewhat lower on the binary 8-item format and the ADL coefficients on Depressed Affect were also lower for all three short forms. Finally, the IADL coefficients on Somatic Affect were higher on the short forms. However, all relationships remained significant with the same direction of effect.
Factor structure of the four CES-D scale formats in the 65+ age group
Data was imputed for an additional 51 participants with one missing item from the CES-D using Mplus, bringing the sample size to 2769 in the 65+ age group.
Overall reliability estimates were slightly lower than in the total cohort at 0.83, 0.76 and 0.67 for the 20-, 10-and 8-item formats, respectively. The latent factors for Depressed Affect and Positive Affect again displayed good reliability on all formats, although Somatic Affect displayed poor reliability on the binary 8-item format. Again the Interpersonal Problems factor from the 20-and 10-item formats displayed poor reliability (Table 2) .
Similar to the overall cohort, the four-factor structure had satisfactory fit for the long form, with the inclusion of two of the four residual covariances observed in the 50+ age group (x 2 (162) = 329.56, P < 0.001, RMSEA = 0.019, 90% CI = 0.016-0.022, WRMR = 0.92) (Fig. 1b) . Residual covariances were between the items ''sad'' and ''crying spells'' and ''sad'' and ''lonely''. The same four and three-factor structures were observed for the 10-and both 8-item versions, with the inclusion of the same residual covariance between ''sad'' and ''lonely'' in the 65+ age group, however, the covariance between ''everything was an effort'' and ''not get going'' seen in the 8-item version was not included. Model fit was satisfactory (x 2 (28) = 47.22, P = 0.013, RMSEA = 0.016, 90% 
Validity of the latent factors of depression from four CES-D scale formats in the 65+ age group
Measurement models were again extended to include IADLs, ADLs and perceived stress as exogenous variables (Table 2) . Overall, we found that the effects of disability and perceived stress on Depressed Affect, Somatic Affect, Interpersonal and Positive Affect were essentially the same as in the 50+ age group, regardless of the number of items used to represent the factor. There were differences with respect to the impact of age and gender on the Positive Affect factor in the 65+ age group however. Female gender and advancing age were associated with Positive Affect in the 50+ but not the 65+ age group.
Discussion
This study examined the factor structure of the long and short forms of the CES-D using CFA in a large sample representative of community-living adults aged 50 and over in Ireland. The expected four-factor structure of the 20-item and 10-item format achieved good model fit in the total cohort aged 50 and over. Both the 8-item binary and frequency response formats also displayed good model fit for the expected three-factor structure. All four versions exhibited good overall internally consistency, with the shorter forms exhibiting almost identical a-coefficients. Also, disability and perceived stress had similar associations with the latent factors from the shorter forms as was previously reported for the 20-item CES-D [26] . Results were very similar in the subset of the cohort aged 65 and over. These results are consistent with previous studies which support the original structure proposed by Radloff [5, 6] . They strengthen the evidence advocating for the use of the shorter versions of the CES-D in studies of older populations, which help to shorten interview time, diminish response fatigue and eliminate items exhibiting poor psychometric properties [13, 27] .
We also confirmed the latent factors of depression, i.e. Depressed Affect, Somatic Affect and Positive Affect showed good internally consistency on all formats of the CES-D. However, the reliability coefficients were lower for the Interpersonal Problems factor from the 20-and 10-item versions and for Somatic Affect on the binary 8-item format in the 56+ age group. We noted some small fluctuations in the strength of the effects between gender, ADLs and IADLs and the Depressed Affect and Somatic Affect factors on the short formats in the overall cohort and these fluctuations were more apparent in the 65+ age group. This is likely a consequence of the reduction in sample size from the 50+ to 65+ age groups. Despite this, the associations remained significant with consistent direction of effect.
The two-item Positive Affect factor from the short formats was closely representative of the four-item Positive Affect factor from the longer format. Although, the weak associations with age and female gender were not observed in the older age group, the persistence of the negative associations with disability and perceived stress with the four-and two-item Positive Affect factor among the 50+ and 65+ age groups, provides evidence of the validity and reliability of using the two positive items from the short formats to measure Positive Affect in older adults. This reflects previous reports for the four-item Positive Affect factor [18] [19] [20] . This disability and perceived stress are highly correlated with other important physical (falls, frailty and mortality) and psychological (anxiety and loneliness) outcomes [28, 29] . Thus, investigating the relationships between these outcomes and Positive Affect from the shorter forms of the CES-D has validity.
A strength of this study is the large representative sample which allows robust CFA analyses to be performed. It provides support for the use of shorter forms of the CES-D to measure depressive symptoms and Positive Affect in similar populations. Although, it is important to note that this study focuses only on the factor structure and validity of the CES-D and its latent factors. The sensitivity and specificity of the long and short forms to detect clinically relevant depression is beyond the score of this study. The limitations of this study are mainly concerned with issues of measurement. We used one administration of the 20-item CES-D as the basis of our analysis. This may have introduced measurement bias associated with the ordering of the items, which would differ if separate 10-and 8-item versions had been administered. However, repeated administrations of the CES-D to the same participants would introduce measurement bias due to the problem of response fatigue in older adults. Finally, we acknowledge the limitations of the cross-sectional design of the study. Subsequent waves of the TIILDA study will help to further test the data presented here.
This study shows that the factor structure of depression from the shorter forms of the CES-D displays good internal consistency, reliability and validity compared with the long form in the community-living adult population aged 50+ and 65+ years. We also confirm validity of using short forms of the scale to measure Positive Affect, a construct of growing importance to beneficial health outcomes, physical resilience and psychological well-being in later life. Clinicians working in the field of geriatric medicine most often administer the CES-D as part of a comprehensive geriatric assessment. Therefore, using a short version of the CES-D is supported, and may even be preferable in the general population of older adults, where avoiding long assessments and response fatigue is warranted.
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